Abstract-Through establishing the indicator system that reflects the regional scientific and technological innovation capacity, this paper applies the Principal Component Analysis and Cluster Analysis Method to make empirical analysis and comparative analysis on regional scientific and technological innovation capacity of 30 provinces, cities and districts within China Mainland, and concludes the comprehensive ranking of all regions' scientific and technological innovation capacity. Finally, by taking Gansu as an example, it points out the deficiencies in the aspect of scientific and technological innovation, and also puts forward corresponding countermeasures and suggestions.
I. INTRODUCTION
Regional scientific and technological innovation capacity is an important scale to measure the conditions of regional innovative system and an important means to reinforce the regional co mpetitiveness and promote economic development. The increase of one region 's scientific and technological innovation capacity has gradually become a decisive factor to obtain competitiveness.
"Decision of the CCCPC on So me Major Issues Concerning Co mprehensively Deepening the Reform" puts forward the strategic thought of "Two Belts and One Road", which brings unprecedented historical development opportunity for Gansu. To accelerate the progress of new industrialization, agricultural modernizat ion and new urbanization, realize great-leap-forward development and the strategic objective of long-term peace and order, it must give full play to the huge promotion of science and technology and improve the regional scientific and technological innovation capacity.
II. RESEARCH METHODS

A. Principal Component Analysis (PCA)
In actual research, people are often encountered by mu lti-index (variable). Moreover, in most cases, there is certain correlation among different indicators, which will absolutely increase the complexity of problem analysis. PCA tries to recombine the previous indicators into a new group of comprehensive and irrelevant indicators to replace the original indicators. Meanwhile, it should select a few comprehensive indicators according to the actual demand, so as to try to reflect the informat ion of original indicators as much as possible. Because the PCA can concentrate the information and simplify the structure of indicator, it makes the process of analyzing problem to be simple, intuitive and effective, thus it has been widely applied in all fields.
B. Cluster Analysis Method
Cluster Analysis, also called as group analysis and point group analysis, is a multi-statistic analysis applied in classification. According to several observation indicators of one batch of samples, it specifically finds out some statistics measuring the similarity degree between the samples or indicators, and then takes these statistics as the basis to classify the type. It integrates samples (or indicators) with great similarity into one classification and integrates other samples (or indicators) with great similarity into another classification. It will be completed until all samples (or indicators) are integrated. In Cluster Analysis, it is usually divided into Q cluster analysis and R cluster analysis according to the different objects of classification.
III. ANALYSIS PROCESS
A. Construction of Scientific and Technological
Innovation Capacity Indicator System While evaluating the innovation capacity of one region, it is quite important to select evaluation indicators. On the basis of systematicness, comprehensiveness, effectiveness and availability of data, this paper selects indicators to construct the scientific and technological innovation capacity indicator system, as shown in Table 1 . 
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C. Analysis Process
According to the principle of Factor Analysis Method, it applies the statistic software SPSS 16.0 to calculate corresponding characteristic value, contribution rate and accumulative contribution rate of all factors, and also component matrix after orthogonal rotation of all index variables, as shown in Table 2 Economic significance of principal co mponents is up to the comprehensive significance of several original indicators with quite large coefficient (absolute value) in the linear co mbination. Fro m Table 3 , it can be seen that, of the first principal components, the new product's development expenditure, quantity of patent application and grant, new product's output value, full-time equivalent of mediu m and large industrial enterprises ' R&D personnel, R&D expenditure of mediu m and large industrial enterprises, quantity of mediu m and large industrial enterprises' new products, quantity of mediu m and large industrial industries ' patent application and new product's output value have quite large loading coefficient, which mainly reflects the technological innovative capacity of enterprises. Thus it is called as the factor of technological innovative capacity of enterprises. Of the second principal components, the internal expenditure of R&D, R&D expenditure's proportion of GDP, college students per 100000 people, GDP, household consumption level and technical market's turnover have quite large loading coefficient, which mainly reflects the expenditure of scientific and technological activities. Thus it is called as factor of scientific and technological input. Of the third principal co mponents, the turnover of passenger traffic and urban newly-added fixed assets have quite large loading coefficient, which mainly reflects the influence of environment for scientific & technological innovation on the innovative capacity. Thus it is called as factor of environment for scientific & technological innovation. After determining the principal components, by applying SPSS20, it can conclude the scores of 30 provinces, cities and districts of Ch ina main land in each principal co mponent. And then with the help of Excel, it takes the proportion of each principal co mponent's variance contribution ratio to three principal co mponents ' contribution ratio as the weight, and applies the weighted summarization to get each region's comprehensive score of innovation capacity, as shown in Table 4 . Because the contribution ratio of the first principal co mponent does not surpass 85%, if it only sorts by the score of the first principal co mponent, there is not enough information, which will be unilateral. Therefore, with the help of SPSS 20, it fatherly makes cluster analysis on the scores of selected first, second and third principal components. This cluster analysis adopts the hierarchical clustering process, the Ward as the clustering method adopts and the Squared euclidean distance as the distance measure and finally gets the hierarchical diagram of systematic cluster analysis, as shown in Fig. 1 . Figure 1． IV. RESULT ANALYSIS According to the cluster analysis dendrogram and comprehensive score of principal co mponents (as shown in Table 4 ), based on the strength and weakness of regional innovation capacity, it roughly divides 30 provinces, cities and districts of China mainland to six classifications. Classification 1: Beijing; Classification 2: Guangdong; Classification 3: Shanghai, Tianjin; Classification 4: Jiangsu, Shandong, Zhejiang, Henan; Classification 5: Liaoning, Sichuan, Shanxi, Hubei, Hebei, Hunan, Anhui, Jiangxi; Classification 6: Fujian, Heilongjiang, Jilin, Chongqing, Shanxi, Inner Mongolia, Guang xi, Gansu, Yunnan, Xinjiang, Hainan, Guizhou, Ningxia, Qinghai.
A. Analysis on Each Classification
Classification 1: as the capital, Beijing is the political, economic and cultural center of the whole nation, which integrates the most abundant innovation resources. Due to the developed economy, convenient transportation and high degree of opening up to the outside world, no matter in the aspect of environment for science and technology and technological innovation capacity of enterprises, or in the aspect of science and technology input, Beijing takes the leading position in China. Thus it has the strongest scientific and technological innovation capacity.
Classification 2: Guangdong is the cutting-edge window of China's reform and opening up to the outside world. Adjacent to Hong Kong, Macao and Taiwan, it has superior geographical conditions, active commodity economy, strong economic base and enterprise's innovation capacity. However, there is still a certain gap between Guangdong and Beijing in the aspect of input in environment for science and technology and science and technology activities. Thus Guangdong comes second to Beijing in the aspect of scientific and technological innovation capacity.
Classification 3: As municipalit ies directly under the central government, Shanghai and Tianjin are extra -large cities and well-known ports in China. The enterprises ' innovation capacity of these two cities respectively rank 6th and 8th, the scientific and technological input respectively rank 2nd and 3rd. In the aspect of patent application quantity, new product's output value, full-time equivalent of mediu m and large industrial enterprises ' R&D personnel, R&D expenditure, quantity of new product item, regional household consumption level and colleges and universities, Shanghai and Tianjin both top the list in China. Thus they rank Classification 3.
Classification 4: A mong Jiangsu, Shandong, Zhejiang and Henan, in the aspect of the most important 1st factor--enterprise's innovation capacity, Jiangsu comes second to Guangdong, ranking 2nd in China, Shandong follows closely, ranking 3rd. Zhejiang and Henan respectively rank 5th and 9th. Although these four provinces are in the same classification, it can clearly see that, there is an obvious gap among these four cities in the aspect of innovation capacity. Of which, enterprises of Jiangsu have the strongest innovation capacity, with the highest comprehensive score. Therefore, Jiangsu ranks the 1st in this classification. The comprehensive score of Shandong and Zhejiang are 0.71 and 0.66 respectively; with no big difference, ranking 2nd and 3rd. Henan is the only province in the central region of China. Co mpared to the previous three provinces, no matter in the aspect of enterprise's innovation capacity or science and technology input, there is a large gap, ranking lowest in the same classification. The factor of location mainly contributes to that. Jiangsu, Zhejiang and Shandong all belong to eastern coastal areas, with solid industrial base, developed commodity economy, superior geological location and convenient land and water communication. But Henan is located in central plain, which has not too many advantages to utilize. In the aspect of turnover of passenger traffic and urban newly-added fixed assets, Henan ranks the top, which are a little bit higher than those of other three provinces. It makes up for its deficiencies in other two aspects to a certain extent, thus it is also included in Classification 4.
Classification 5: fro m the above analysis, we can see that, of the 8 provinces and cities in previous four classifications, they all belong to eastern areas except Henan; but of 8 areas in Classification 5, only Liaoning and Hebei belong to eastern areas, the rest belong to central and western regions. In the aspect of enterprise's innovation capacity, that of Liaoning and Sichuan are positive values, that of the rest 6 provinces and cities are negative values, which are obviously lower than the national average. Of wh ich, scores of Liaoning in the aspect of three principal components are all higher than the national average, ranking 1st. Sichuan and Shanxi only have one item below the average. In the aspect of enterprise's technological innovation capacity, the more important 1st factor, Sichuan is higher than that of Shanxi. Thus Shanxi co mes second to Sichuan, respectively ranking 2nd and 3rd. The other ranking is Hubei, Hebei, Hunan, Anhui and Jiangxi in sequence. In this classification, the 3rd factor --turnover of passenger traffic and urban newly-added fixed assets of these regions are all higher than the national average, which shows that these 8 regions have quite strong scientific and technological potential and possibly enter the previous 4 classifications after improving some regional deficiencies.
Classification 6: there are 14 provinces, cities and districts, including 2 eastern provinces (Fujian and Hainan), 3 central provinces (Heilongjiang, Jilin and Shan xi) and 9 western provinces, cities and districts (Chongqing, Inner Mongolia, Guangxi, Gansu, Yunnan, Xinjiang, Guizhou, Ning xia and Qinghai). As these 14 regions, their scientific and technological innovation capacity are all negative values, which are below the national average, most of them have not achieved the average level in scientific technological input and innovative environment.
It makes analysis on the regional ranking. Eastern areas: Beijing, Guangdong, Shanghai, Tianjin, Jiangsu, Shandong, Zhejiang, Liaoning, Hebei, Fujian and Hainan. Middle areas: Henan, Hubei, Hunan, Anhui, Jiang xi, Heilongjiang, Jilin and Shanxi. Western areas: Sichuan, Shanxi, Chongqing, Inner Mongolia, Guang xi, Guizhou, Gansu, Yunnan, Xinjiang, Ningxia, Qinghai.
B. From the above ranking, it can be concluded that
Development of scientific and technological innovation capacity are unbalanced, with obvious regional differences. Generally, the eastern part is the strongest, the central part is in the middle and the western part is poorest. In addition, all regions have great differences internally. For instance, eastern Fujian and Hainan belong to the 6th classification, but Beijing and Guangdong belong to 1st and 2nd classification. The eastern and western areas have similar problems as well;
Enterprise's innovation capacity is the most important factor of one region's scientific and technological innovation capacity. If enterprises have strong innovation capacity, the region's scientific and technological innovation capacity will be correspondingly strong and vice versa. Enterprise innovation capability of Henan and Sichuan respectively rank top in central and western areas, and their comprehensive rankings are the strongest in central and western areas. Enterprise innovation capacity of Hainan, Guang xi and Qinghai is the poorest in eastern, central and western areas, so is the comprehensive ranking. It shows that the principal status of enterprise innovation has been gradually reinforced, wh ich is consistent with the result concluded by the principal co mponent analysis. To a certain extent, it shows that this analysis is reasonable.
It analyzes the scientific and technological capacity of Gansu, which ranks 24th among 30 provinces, cities and districts in China, ranks 6th among 11 western provinces and 3rd among 5 northwest provinces. No matter in China, western areas or northwestern areas, the scientific and technological capacity of Gansu is at the lower level. There is a large gap between Gansu and advanced areas. Undoubtedly, such a gap originates fro m influence of science and technology input and innovative environment. However, the most important reason is that the enterprises ' technological innovation capacity is too poor (ranking 24th in Ch ina). Of indicators affecting the enterprise's technological innovation capacity, Gansu has no advantages in the following aspects: full-time equivalent of mediu m and large industrial enterprises ' R&D personnel, R&D expenditure, and quantity of new product item, quantity of patent application and output value of new product.
V. COUNTERMEASURES AND SUGGESTIONS
In order to improve the scientific and technological innovation capacity of Gansu, shorten its gap with developed areas and realize the great-leap-forward development of Gansu, this paper puts forward suggestions fro m 3 principal factors affecting regional scientific and technological innovation capacity:
In the aspect of improving the enterprise's technological innovation capacity, it must strengthen the principal status of enterprises. Scientific and technological input and output of mediu m and large-scale enterprises in Gansu lag far behind those of developed provinces in eastern areas. The government must create a good innovative environment, guide and support enterprises to increase the input in innovation through fiscal, taxation and police levels. More importantly, enterprises should strengthen the science technology and information communication, improve the quality of scientific research personnel, and increase the innovative efficiency and scientific technological output, so as to really enable enterprises to play the role of pro moting the local science technology innovation.
In the aspect of science technology input, enterprises need to strengthen communication and cooperation with local colleges and scientific research institutions, increase scientific and technological R&D personnel, increase research funds and improve the conversion rate of scientific and technological input, promote the effective industry-university-research integration.
In the aspect of improving the scientific and technological innovative environment, the government should improve the infrastructure, accelerate the pace of constructing informatization, create good environment, spare no efforts to attract foreign investments, positively expand foreign trades, and strengthen communication and cooperation outside Gansu.
VI. CONCLUSIONS
Regional technological innovation capacity is an important factor to affect the local economy, especially the industrial economy and hi-tech industry, and the core and impetus for regional economic development. By the integration of principal component analysis and cluster analysis, it evaluates the scientific and technological innovation capacity of 30 provinces, cities and districts in China mainland. Conclusion of this paper basically conforms to the reality, which shows it is reasonable and feasible to apply such a method to evaluate the mult iindicator variable problem. The deficiency of this paper lies in that, while constructing the evaluation indicator system, it just selects quantitative indicators, but neglects the influence of qualitative indicators on the regional scientific and technological innovation capacity. Thus it needs to be improved.
